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Ethnopharmacological  relevance:  Synadenium  umbellatum  Pax.  is widely  found in  South  America  and
empirically  used  in  Brazil  for the  treatment  of  several  diseases,  mainly  cancer.  The  aim  of  the study
was to investigate  cell  death  mechanisms  induced  by  Synadenium  umbellatum  Pax.  using  Ehrlich  ascites
tumor  (EAT)  cells,  as  well  as  the  myelotoxicity  potential  of  this  plant.
Materials  and  methods:  S. umbellatum  cytotoxicity  was  evaluated  in  EAT  cells  by trypan  blue exclusion
and  MTT  reduction  test  and  the  mechanisms  involved  in EAT cell death  were  investigated  by light
and  ﬂuorescence  microscopy,  ﬂow cytometry  and  immunocytochemistry.  Investigation  of  S.  umbella-
tum  myelotoxicity  was  performed  by clonogenic  assay  of  colony  forming  unit-  granulocyte  macrophage
(CFU-GM).
Results  and Conclusion:  Our  results  demonstrated  that S. umbellatum  decreased  the  viability  of  EAT cells
using  both  methods.  Morphological  analyses  revealed  that  S. umbellatum-treatment  induced  EAT cell
death  by apoptotic  pathway.  We  demonstrated  the occurrence  of reactive  oxygen  species  (ROS)  over-
2+generation,  increased  intracellular  Ca concentration,  alteration  in  mitochondrial  membrane  potential,
phosphatydylserine  externalization,  and  activation  of  caspases  3, 8,  and  9. However,  S.  umbellatum  pro-
duced  myelotoxicity  in  bone marrow  cells  in  a concentration-dependent  manner.  In comparison  to  EAT
cells,  the  effects  of  S.  umbellatum  in  bone  marrow  cells  were  8-fold  lower.  Taken  together,  our results
showed  that  S. umbellatum  induced  apoptosis  in  EAT  cells  at several  levels  and  seems  more  toxic  to  tumor
cells than  to  normal  bone  marrow  cells.. Introduction
Synadenium umbellatum Pax., a species of Euphorbiaceae family,
opularly known as “cola-nota”, “avelós”, “milagrosa”, or “can-
erola”, is widely found in South America and empirically used
n Brazil for the treatment of several diseases, mainly cancer. For
he treatment of cancer, the latex is used as an aqueous solution
Ortêncio, 1997). However, Cunha et al. (2009) showed that the
atex aqueous solution of Synadenium umbellatum produced his-
ological alterations in the liver, kidneys and lungs of mice. In
ddition, Melo-Reis et al. (2011) showed mutagenic activity of this
atex.
∗ Corresponding author at: Faculdade de Farmácia, UFG, Prac¸ a Universitária
squina com a primeira avenida s/n, setor Universitário, CEP: 74605.220, Goiânia,
O,  Brazil. Tel.: +55 62 3209 6039; fax: +55 62 3209 6037.
E-mail address: marizecv@farmacia.ufg.br (M.C. Valadares).
378-8741 © 2011 Elsevier Ireland Ltd.     
oi:10.1016/j.jep.2011.04.055
Open access under the Elsevier OA license.© 2011 Elsevier Ireland Ltd. 
Recently, it was  demonstrated, for the ﬁrst time, scientiﬁc evi-
dence for the effectiveness of the ethanolic extract of the leaves
of Synadenium umbellatum as an antitumoral and antiangiogenic
agent in vivo (Nogueira et al., 2008). Moreover, in this study
the authors also proved the ability of Synadenium umbellatum to
induce leukemia cell death in vitro. This property can be attributed
to the apoptosis-inducing capabilities found in some Euphor-
biaceae species (Grymberg et al., 1999; Uthaisang et al., 2004;
Block et al., 2005; Morales et al., 2005; Amirghofran et al., 2006;
Ngamkitidechakul et al., 2010).
Apoptosis is an important pathway in antitumor drug response
(Makin and Dive, 2001; Galeano et al., 2005). Therefore, the devel-
opment of effective agents that trigger apoptosis might be a
promising strategy in the treatment of cancer (Lee et al., 2002;
Ona and Shibata, 2010). Two pathways have been well established
Open access under the Elsevier OA license.for cells undergoing apoptosis, death-receptor-induced apoptosis
(extrinsic pathway) and mitochondria-mediated apoptosis (intrin-
sic pathway). The extrinsic pathway activates caspases 8 and
10 and the intrinsic pathway activates caspase 9 (Wyllie et al.,
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980; Hu and Kavanagh, 2003; Franco et al., 2009). Both pathways
ead cell to death. Some events associated with mitochondria-
ediated apoptosis are the release of cytochrome c and Ca2+, loss of
itochondrial membrane potential ( m), caspase activation
Bedner et al., 1999; Smaili et al., 2009), and loss of plasma mem-
rane lipid asymmetry with phosphatidylserine (PS) exposure (Van
ngeland et al., 1996, 1998; Bedner et al., 1999). Reactive oxygen
pecies (ROS) overgeneration can also induce apoptosis, and under
he apoptotic stimulus, TNF- can promote intracellular increase
f ROS and lead cells to apoptosis (Chandra et al., 2000; Takahashi
t al., 2004).
Deregulated cell cycle progression has been considered a hall-
ark of cancer progression, and therefore, is a usual target for
nti-cancer drug development (Deep and Agarwal, 2008). Ki-67 is a
uclear protein expressed in proliferating cells and may  be required
or maintaining cell proliferation. Thus, it has been used as a cell
roliferation marker (Schluter et al., 1993; Miller et al., 1994).
As one of the most rapidly renewing cell populations, hemopoi-
tic cells have been proven to be very sensitive to cytotoxic
gents causing anemia and neutropenia by direct suppression of
ematopoietic cell proliferation (Parent-Massin, 2001). Due to this,
he evaluation of hematopoietic integrity is an important param-
ter to understand the mechanisms involved in the alteration of
lood cell production and how these changes collectively impact
n the immune status of an individual. The in vitro colony-forming
nit (CFU) assays have been used for investigating the effects of
hemotherapeutic agents on hematopoiesis (Gribaldo et al., 1999;
aladares, 2004). The CFU granulocyte macrophage culture was
ecognized by the Scientiﬁc European Community as an important
ool for the predictive evaluation of neutropenia during preclinical
hase of new substance investigations (Pessina et al., 2001, 2003).
In this study, we investigated the mechanisms of cell death
nduced by Synadenium umbellatum using Ehrlich ascites tumor
EAT) cells, as well as the myelotoxicity potential of this plant.
. Materials and methods
.1. Chemicals
RPMI 1640 medium, fetal bovine serum, streptomycin, peni-
illin G, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
romide, propidium iodide, Giemsa dye, RNAse, DCFH-DA,
DTA, rhodamine 123, Fluo-3, BSA, DMEM,  granulocyte-
acrophage colony-stimulating factor mouse, (3-aminopropyl)
ris(trimethylsiloxy)silane, and cyclosporin A were purchased
rom Sigma–Aldrich (St. Louis, MO,  USA). Ethanol, trypan blue,
MSO, methanol, Tween 20 and acetone were obtained from
etec (Rio de Janeiro, RJ, Brazil). Hoechst 33342 was  acquired from
nvitrogen (Eugene, OR, USA). Xylazine was purchased from Syntec
Cotia, SP, Brazil). Ketamine was from Agener (Embu-Guac¸ u, SP,
razil), whereas agar was obtained from BD Biosciences (NJ,
SA). Hydrogen peroxide, protein block, anti-ki-67 antibody, DAB
hromogen, Mayer’s hematoxylin and post primary block were
rom Kit NovoLink, acquired from Polymer Detection Systems
New Castle, UK). Annexin V-FITC and binding buffer were from kit
ACS annexin V-FITC apoptosis detection and caspases substrates
, 8, and 9, DTT and lysis buffer were purchased from Colorimet-
ic Kit of Proteases, both kits were obtained from R&D Systems
Minneapolis, MN,  USA). All reagents used were of analytical grade.
.2. Synadenium umbellatum Pax.Synadenium umbellatum aerial parts (17 kg) were collected
n September 2005 in Goiânia, GO, Brazil (787 m altitude;
6◦40′15.5′′South; 49◦14′13.6′′West). Voucher specimens (no.armacology 139 (2012) 319– 329
UFG-27160) were deposited in the Herbarium of the Universi-
dade Federal de Goiás (Instituto de Ciências Biológicas, Goiânia,
GO, Brazil). Air-dried grounded leaves of Synadenium umbellatum
(1.3 kg) was exhaustively macerated with 95% ethanol (Vetec, RJ,
Brazil) and, after ﬁltration, the extract was dried in a rotaevapora-
tor (MA  120, Marconi, SP, Brazil) to dryness under low pressure and
temperature to obtain 90 g of crude ethanolic extract (6.9% yield).
2.3. Analysis of Synadenium umbellatum ethanolic extract by
HPLC
The high performance liquid chromatography analysis of the
Synadenium umbellatum extract was performed in a Waters® e2695
(Milford, MA,  USA), using a Luna® Phenomenex (Torrance, CA, USA)
C8 column with a 5 m particle size. Mobile phases were com-
posed of acetonitrile: water (45:55, v/v), with a solvent ﬂow rate
of 0.3 mL/min and an injection volume of 20 L, at a concentration
of 4 mg/ml. Empower 2 software was used for data collection. The
presence of ﬂavonoids and terpenes in the ethanolic extract were
conﬁrmed by UV spectrometry (190–700 nm)  using a photodiode
array detector (DAD 2998).
2.4. Animals
To develop and collect EAT cells we utilized male Swiss mice
obtained from Indústria Química do Estado de Goiás (IQUEGO),
weighing between 25 g and 30 g (4–6 weeks of age). All the ani-
mals were kept under constant environmental conditions with
a 12/12 light-dark cycle and temperature of 23 ± 2 ◦C, fed with
standard granulated chow, and given drinking water ad libitum.
The animal experiments were carried out in accordance with the
Institutional Protocols of Animal Care. The experimental protocol
(CEPMHA/HC/UFG no.: 162/06) was  approved by Institutional Ethic
Committee of this University.
2.5. Cell culture
EAT was maintained by serial intraperitoneal transplantation.
EAT cells were cultured in RPMI 1640 medium containing 10% heat-
inactivated fetal bovine serum (FBS), 100 (g/mL streptomycin and
100 U/mL penicillin G in a humidiﬁed atmosphere of 5% CO2 in air
at 37 ◦C.
2.6. Cytotoxicity assays
The viability of EAT cells was  evaluated using two different
assays, the trypan blue exclusion method and the 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT)
reduction test. In both cases the cells (1 × 106 cells/mL) were seeded
into 96-well ﬂat microtiter plates (Corning, USA) in RPMI 1640
medium supplemented with 10% FBS and incubated with or with-
out eight concentrations (0.007–1 mg/mL) Synadenium umbellatum
in sextuplicate for 24 h. For the trypan blue exclusion method,
cell suspension and a trypan blue solution (0.2% in phosphate
buffered saline-PBS) were mixed 1:10 and the viability of the
cells was estimated using a hemocytometer (Boeco, Germany).
Stained cells were scored as dead. The MTT  reduction assay was
performed as previously described (Mosmann, 1983). After incu-
bation, 10 L/well MTT  (5 mg/mL) were added and the plates were
incubated again for 4 h at 37 ◦C. After that, the cells were washed
at 800 rpm for 10 min  and 100 L of dimethylsulphoxide (DMSO)
were added to each well to solubilize the formed formazan. The
absorbance was measured at 560 nm.  IC50 values (concentration
that inhibited cell growth in 50% compared to untreated con-
trols) were obtained from the cytotoxic assays abovementioned
and conﬁrmed by ﬂow cytometry (FACSCanto II ﬂow cytometer –
BD Biosciences, USA) using propidium iodide (PI), a vital nucleic dye
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hat, as well as trypan blue, is excluded by viable cells (cells pre-
enting plasma membrane integrity) and can penetrate into cell
embranes of dying or dead cells. For all subsequent time course
tudies, the IC50 value (considered as 0.025 mg/mL) of Synadenium
mbellatum was used.
.7. Light and ﬂuorescence microscopy
The morphological alterations between EAT cells untreated
nd treated with Synadenium umbellatum were assessed by light
icroscopy. Untreated cells and cells treated with 0.025 mg/mLynadenium umbellatum were incubated at 37 ◦C and 5% CO2 for
4 h and, after incubation, placed onto glass slides by cytospin and
tained with Giemsa. After staining, the slides were examined by
ight microscopy (DM 2000, Leica Microsystems, USA) and images
ig. 2. Cytotoxic effects of Synadenium umbellatum on EAT cells after 24 h of treatment (0
nd  MTT  reduction methods (A). Experiments were performed in sextuplicate. Each bar p
nd  0.101 mg/mL, respectively. (B) Percentage of cells with ruptured plasma membranes o
taining after 24 h of treatment with 0.025 mg/mL  Synadenium umbellatum. Experiments
xperiments (*P < 0.05; ***P < 0.0001 compared to control). (D) Aspect of EAT cell culture armacology 139 (2012) 319– 329 321
were taken using a 100× objective ampliﬁed with 5× zoom (Canon
powershot S80). The apoptotic index was obtained after counting
the cells in at least ﬁve ﬁelds, expressing the number of apoptotic
cells as a percentage of the total number of cells. Nuclear changes
were assessed using the DNA binding dye Hoechst 33342. After
cytospin, the cells were ﬁxed in methanol for 5 min, permeabi-
lized in PBS containing 0.05% Tween 20 and incubated with Hoechst
33342 (10 g/mL) for 20 min  at room temperature in the dark. After
incubation, the slides were washed in PBS and analyzed by ﬂuores-
cence microscopy (DMI 4000 B, Leica Microsystems, USA) using a
40× objective and photographed using the LAS-AF software.
2.8. Flow cytometric analysis of DNA content
5 × 105 EAT cells/mL were incubated with or without 0.025 and
0.060 mg/mL  Synadenium umbellatum for 24 h. After incubation, the
cells were washed with ice-cold PBS-EDTA at 1500 rpm for 10 min
and ﬁxed with 2 mL  70% ice-cold ethanol at 4 ◦C for 24 h. Fixed cells
were washed again and resuspended in 500 L PBS solution con-
taining 0.2 mg/mL  RNAse and 0.05 mg/mL PI and then incubated at
4 ◦C for 2 h. The ﬂuorescence was  measured with FACSCanto II ﬂow
cytometer, using PE × FL2 channels. The assay was  carried out in
triplicate and 10,000 events were analyzed per experiment using
the BDFACSDiva software.
2.9. ROS production determination
ROS production was  monitored by ﬂow cytometry using DCFH-
DA. This dye is a stable compound that readily diffuses into cells
and is hydrolyzed by intracellular esterase to yield DCFH, which is
trapped within cells. ROS produced by cells oxidizes DCFH to the
highly ﬂuorescent compound 2′,7′-dichloroﬂuorescein (DCF). Thus,
the ﬂuorescence intensity is proportional to the amount of ROS
produced by the cells. EAT cells (5 × 105 cells/mL) were incubated
with or without 0.025 mg/mL of Synadenium umbellatum for 4, 8,
.007–1 mg/mL). The cytotoxic activity was determined using trypan blue exclusion
resents means ± SD of three independent experiments. The IC50 values were 0.023
btained by ﬂow cytometry using PI (C) Ki-67 expression by immunocytochemistry
 were performed in duplicate. Each bar presents means ± SD of two  independent
before and after Synadenium umbellatum-treatment. Bars: 100 m.
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Fig. 3. Morphological changes of Synadenium umbellatum-induced apoptosis on EAT cells. Cells were treated with 0.025 mg/mL Synadenium umbellatum for 24 h and images
were  taken using a 100× objective ampliﬁed with 5× zoom. (A) Control cells stained with Giemsa showing nuclei with dispersed chromatin (dc) and organized plasma
membrane (opm). (B) Synadenium umbellatum-treated cells presenting membrane blebbing (mb), (C) shrinking nuclei (ns) and nuclear fragmentation (nf). (D) Apoptotic
index  of EAT cells exposed to 0.025 mg/mL  Synadenium umbellatum for 24 h. The bar presents mean ± SD of two  independent experiments (**P < 0.001 compared to control).
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ondensation, low ﬂuorescence and shrinking nuclei (I). Bars: 20 m.
2, and 24 h. After incubation, the cells were washed with PBS at
500 rpm for 10 min  and incubated with 500 L DCFH-DA (10 M)
or 1 h and the ﬂuorescence was measured by ﬂow cytometry.
.10. Immunocytochemistry staining
For immunocytochemical analysis, 1 × 105 cells/mL (previ-
usly incubated with or without 0.025 mg/mL Synadenium
mbellatum for 24 h) were placed onto glass slides with 2%
3-aminopropyl)tris(trimethylsiloxy)silane by cytospin. The cells
ere ﬁxed in acetone for 5 min  and permeabilized with ice-cold
BS buffer and incubated with 3% hydrogen peroxide for 5 min and
rotein block to eliminate non-speciﬁc binding. After that, the cells
ere treated with monoclonal mouse anti-human Ki-67 antibod-
es (clone MM1) at 1:100 in PBS–BSA and incubated at 8 ◦C for 2 h
n humidiﬁed dark board. After incubation, the cells were washed
n TBS and treated with Novolink Max  Polymer Detection System.
he cells were then incubated in 3,3′-diaminobenzidine in a chro-
ogen solution for 2–5 min  at room temperature. Finally, the cells
ere stained with Mayer’s hematoxylin and were covered. Nega-
ive controls were obtained by the omission of primary antibodies,
hich were substituted by 1% PBS–BSA and by non-immune mouse
X501-1) serum. The slides were analyzed by light microscopy
Primostar Zeiss, Germany). Quantitative analyses were performed
fter counting the cells in at least ﬁve ﬁelds and the number of
arked cells was  expressed as a percentage of the total number of
ells.th LAS-AF software. (F) Synadenium umbellatum-treated cells presenting chromatin
2.11. Measurement of mitochondrial membrane potential ( m)
EAT cells (5 × 105), untreated and treated with 0.025 mg/mL
Synadenium umbellatum for 24 h, were washed with PBS-EDTA
at 1500 rpm for 10 min  and incubated with 1 g/mL Rhodamine
123 at 37 ◦C for 1 h, and the ﬂuorescence was measured by ﬂow
cytometry.
2.12. Analysis of intracellular Ca2+ concentration
Changes in intracellular Ca2+ concentrations were determined
using a ﬂuorescent dye, Fluo-3. EAT cells (5 × 105), untreated and
treated with 0.025 mg/mL  Synadenium umbellatum for 4, 8, 12, and
24 h, were washed with PBS at 1500 rpm for 10 min, incubated with
5 M Fluo-3 at 37 ◦C for 30 min, and the ﬂuorescence was measured
by ﬂow cytometry.
2.13. Phosphatidylserine (PS) externalization
PS externalization was analyzed by ﬂow cytometry after cell
staining with ﬂuorescein-conjugated annexin V (annexin V-FITC)
and PI. The cells (5 × 105), untreated and treated with 0.025 mg/mL
Synadenium umbellatum for 24 h, were washed with PBS–BSA at
1500 rpm for 10 min, incubated for 15 min  with 100 L bind-
ing buffer (10 mmol/L HEPES/NaOH, 140 mmol/L, NaCl 2.5 mmol/L
CaCl2) at a concentration of 1 × 106 cells/mL with 1 L annexin
V-FITC and 10 L PI solution, and analyzed by ﬂow cytometry.
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.14. Activities of caspases 3, 8 and 9
The activities of caspases 3, 8, and 9 were measured using a col-
rimetric protease kit following the manufacturer’s instructions.
fter 24 h of incubation with or without 0.025 mg/mL  Synadenium
mbellatum, the cells (1 × 106) were washed with ice-cold PBS at
500 rpm for 10 min  and incubated on ice for 20 min  with 25 L
f cell-lysis buffer per 1 × 106 cells (provided in the kit). The cell
ysate was collected by centrifugation at 15,000 rpm at 4 ◦C for
5 min. Each caspase assay was performed in 96 well plates con-
aining 50 L cell lysate, 50 L 2× reaction buffer, 5 L caspase
olorimetric substrate and 10 L DTT. Duplicate wells were pre-
ared containing blank (no cell extract), positive control (extractlls; (B) cells treated with 0.025 mg/mL Synadenium umbellatum for 24 h; (C) cells
M cyclosporin (positive control). (E) Percentual of EAT cells in G1, S and G2 phases
n ± SD of three independent experiments (*P < 0.05 compared to control).
from untreated cells), negative control (no cell lysate and no sub-
stract), and Synadenium umbellatum-treated cells. The plates were
incubated at 37 ◦C for 2 h and absorbance was red using microplate
reader (Stat Fax 2100, Awareness Technology, Germany) at
405 nm.  The activity of caspases was  determined by measur-
ing p-nitroanaline (pNA) released from the cleavage of caspase-3
(DEVD-pNA), caspase-8 (IETD-pNA) and caspase-9 (LEHD-pNA)
substrates.
2.15. Investigation of Synadenium umbellatum myelotoxicity
The investigation of Synadenium umbellatum myelotoxicity was
performed by clonogenic assay of CFU-GM culture in mouse bone
marrow cells. Animals were anesthetized subcutaneously with
10 mg/kg xylazine and 100 mg/kg of ketamine, and, after absence
of foot reﬂex evidencing, euthanized by cervical dislocation.
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Fig. 5. Increase in ROS generation and intracellular Ca2+ concentration after Synade-
nium umbellatum treatment. Cells were treated with 0.025 mg/mL  Synadenium
umbellatum for 4, 8, 12, and 24 h, incubated with 10 M/mL  DCFH-DA for 1 h (ROS)
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er  5 M Fluo-3 for 30 min  (Ca2+) and analyzed by ﬂow cytometry. The intensity of
uorescence of DCF and Fluo-3 increased in parallel (*P < 0.05; #P < 0.05 compared
o  control).
arrow cells were aseptically collected, transferred to a sterile
lastic tube containing RPMI, and centrifuged at 1500 rpm for
0 min. The assay was performed in 2 mL  agar cultures poured
nto 35× 10 mm  Petri dishes (Corning, USA) using 1 × 105 marrow
ells/culture. The medium used was DMEM containing 20% FBS
nd 0.6% agar. Colony formation was stimulated by adding 100 L
ranulocyte-macrophage colony-stimulating factor (GM-CSF).
he cultures were incubated with or without eight concentrations
0.007–1 mg/mL) Synadenium umbellatum in triplicate for 7 days in
 fully humidiﬁed atmosphere of 5% CO2 in air at 37 ◦C and colony
ormation (clones >50 cells) was scored at 35× magniﬁcation using
 dissection microscope (Leica, Germany).
ig. 6. Effects of Synadenium umbellatum in mitochondrial membrane potential of EAT ce
ynadenium umbellatum for 24 h. (C) The early hyperpolarization of  m after Synad
xperiments (*P < 0.05 compared to control).armacology 139 (2012) 319– 329
2.16. Statistical analysis
Statistical analysis was performed using Graph Pad Prism 5
(version 5.00 for Windows 98, Graph Pad Software, San Diego, Cal-
ifornia) software. The evaluation of cytotoxicity was  carried out
in three separate experiments. The results were transformed into
percentage of the control and IC50 value was obtained by non-
linear regression analysis. Results are expressed as mean ± SD of six
replicates. Myelotoxicity was analyzed by one-way ANOVA and a
posteriori Tukey test. All other assays were analyzed by Student’s t-
test. Results were considered statistically signiﬁcant when P < 0.05.
3. Results
3.1. Chromatographic proﬁle of Synadenium umbellatum
ethanolic extract
Fig. 1 shows the HPLC–DAD analytical plot for Synadenium
umbellatum ethanolic main constituents. In this experiment were
identiﬁed bands of terpenes (1) and ﬂavonoids (2–4) (Silverstein
et al., 1991; Cunha, 2005).
3.2. Cytotoxicity induced by Synadenium umbellatum treatment
Synadenium umbellatum cytotoxicity (0.007–1 mg/mL) was
evaluated in EAT cells using the trypan blue exclusion test and the
MTT reduction assay, after 24 h of exposure in culture. As expected,
EAT cells were highly sensitive to Synadenium umbellatum cyto-
toxicity. The IC50 value, determined by the trypan blue exclusion
test was 0.023 mg/mL  and 0.101 mg/mL  by the MTT  reduction assay
(Fig. 2A). The difference observed between the inhibitory concen-
tration values of MTT  and trypan blue exclusion assay could be
related to the speciﬁcity of the methods, since trypan blue exclu-
sion test evaluate the structural integrity of cell membrane, and
lls. Histograms showing: (A) untreated cells and (B) cells treated with 0.025 mg/mL
enium umbellatum-treatment. The bar presents mean ± SD of three independent
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Fig. 7. Flow cytometry analysis of phosphatidylserine externalization in Synadenium umbellatum-treated EAT cells. Cells were labeled with annexin V-FITC and PI. (A)
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marked differences in the proportion of cells in the respec-
tive phases of the cycle. Synadenium umbellatum (0.025 mg/mL)
increased in 30.7 ± 13.6% the number of cells in G0/G1 phasentreated cells and (B) cells treated with 0.025 mg/mL Synadenium umbellatum for 2
poptotic cells. Left superior squares (A+/PI+) = % late apoptotic cells. Right superio
-FITC and PI between untreated and Synadenium umbellatum-treated cells. The ba
he reduction of MTT  assesses the mitochondrial function through
he activity of succinate dehydrogenase (Abondanza et al., 2008).
sing the IC50 value for 24 h, we also detected loss of plasma mem-
rane integrity in 50% of EAT cells, by ﬂow cytometry, conﬁrming
ur initial ﬁndings (Fig. 2B). Moreover, as shown in Fig. 2C, treating
ells with 0.025 mg/mL  Synadenium umbellatum for 24 h resulted
n 25.1 ± 6.2% decrease in the expression of ki67 as compared to
ntreated EAT cells. Fig. 2D shows the aspect of EAT cell culture
efore and after the treatment with Synadenium umbellatum.
.3. Effects of Synadenium umbellatum in EAT cell morphology
Morphological analysis of EAT cells stained with Giemsa clearly
evealed cytoplasmic and nuclear alterations after the treatment
ith Synadenium umbellatum. As it can be seen in Fig. 3A, con-
rol cells exhibited nuclei with dispersed chromatin and organized
lasma membrane. In contrast, cells treated with Synadenium
mbellatum for 24 h presented membrane blebbing (Fig. 3B),
hrinking nuclei and nuclear fragmentation (Fig. 3C). Nuclear stain-
ng with Hoechst 33342 also revealed chromatin condensation, low
uorescence, and shrinking nuclei in treated cells (Fig. 3F), contrast-
ng with control cells (Fig. 3E). In this experiment, after observing
orphological changes, we also determined the apoptotic index.
reatment with 0.025 mg/mL  Synadenium umbellatum signiﬁcantly
P < 0.001) increased the number of apoptotic cells, comprising
4.1 ± 2.2% of the total cell population studied at 24 h (Fig. 3D).ft inferior squares (A−/PI−)  = % viable cells. Right inferior squares (A+/PI−) = % early
res (A−/PI+) = % necrotic cells. (C) Comparison of ﬂuorescence intensity of annexin
ents mean ± SD of two independent experiments (*P < 0.05 compared to control).
3.4. Effects of Synadenium umbellatum in cell cycle progression
The cell cycle analysis of untreated and treated cells revealedFig. 8. Activation of caspases 3, 8, and 9 during Synadenium umbellatum-induced
apoptosis. EAT cells were treated with 0.025 mg/mL  Synadenium umbellatum for
24  h. Kinetics of the enzymatic activity of caspases 3, 8, and 9 were evaluated. Each
bar presents mean ± SD of two independent experiments (*P < 0.05 compared to
control).
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Fig. 9. Myelotoxic effects of Synadenium umbellatum (0.007–1 mg/mL) to normal bone marrow cells. The myelotoxicity was determined by clonogenic assay of CFU-GM
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P < 0.05) (Fig. 4A and B). Additionally, when EAT cells were treated
ith 0.060 mg/mL  Synadenium umbellatum, there was  an arrest of
ells to G0/G1 phase of 56.6 ± 9.2%, followed by a reduction of cells
n S phase of 85.1 ± 1.6% (Fig. 4C). These results suggest that Synade-
ium umbellatum reduced EAT cell proliferation associated with cell
ycle arrest in G0/G1 phase. Cyclosporin treated cells (5 M)  were
sed as a positive control, and also arrested cells in G1 with reduc-
ion of the cell cycle in phase S (Fig. 4D). Given that Synadenium
mbellatum reduced Ki67 expression, as mentioned before, these
ata conﬁrm its effect in G0/G1 phase of EAT cell cycle.
.5. Increase in ROS generation and intracellular Ca2+
oncentration by Synadenium umbellatum
In agreement with the morphological observations and DNA his-
ogram analysis, we detected a time-dependent increase of ROS
eneration and intracellular Ca2+ levels after 4, 8, 12, and 24 h of
ncubation with 0.025 mg/mL  Synadenium umbellatum. As shown
n Fig. 5, the generation of ROS (by an increase in DCF ﬂuorescence)
ramatically increased along with the incubation time. Cells treated
ith Synadenium umbellatum for 4 h increased ROS generation in
3.8%, reaching up to 105.7% at 24 h. Simultaneously, Synadenium
mbellatum treatment rapidly enhanced the intracellular Ca2+ level
n 20.4% at 4 h, achieving 141.5% at 24 h.
.6. Alterations of mitochondrial membrane potential by
ynadenium umbellatum
The increase of ROS generation has been associated with alter-
tions of mitochondrial membrane integrity and  m. Usually,
he most common alteration is depolarization in  m, but an
arly hyperpolarization can occur (Poot et al., 2002). As shown
n Fig. 6, treatment with 0.025 mg/mL  Synadenium umbellatum for
4 h, increased  m in 47.5 ± 24.2% (by increasing Rhodamine 123
uorescence intensity) in EAT cells.ed in triplicate. Each bar presents means ± SD of three independent experiments
3.7. Phosphatidylserine exposure induced by Synadenium
umbellatum
To investigate the effects of Synadenium umbellatum on PS expo-
sure and differentiate alive, early apoptotic, late apoptotic, and
necrotic cells, we labeled the cells with annexin V-FITC (A) and PI. As
shown in Fig. 7, 95.9 ± 0.1% of untreated cells were alive (A−/PI−).
In contrast, after 24 h of treatment with 0.025 mg/mL Synadenium
umbellatum, the number of alive cells (A−/PI−)  was  50.1 ± 0.07%
(P < 0.0001), while the number of early apoptotic cells (A+/PI−)  was
0.8 ± 0.07% (P < 0.01), and the number of late apoptotic cells (A+/PI+)
was 29.1 ± 0.8% (P < 0.0005). Furthermore, the number of necrotic
or secondary necrotic cells (A−/PI+) was  19.3 ± 0.8% (P < 0.001).
3.8. Involvement of caspases in Synadenium
umbellatum-induced apoptosis
After observing morphological and biochemical changes typi-
cal of apoptosis induced by Synadenium umbellatum, we  studied
the potential of this plant to activate initiator caspases 8 and 9
and effector caspase 3. Fig. 8 shows that after 24 h of exposure
to 0.025 mg/mL  Synadenium umbellatum there was  a signiﬁcant
increase in the activity of caspase 3 (29.5 ± 1.6%), caspase 8
(26.9 ± 4.4%), and caspase 9 (23.3 ± 3.6%), which was detected by
cleavage of speciﬁc substrates.
3.9. Synadenium umbellatum myelotoxicity potential
The effects of Synadenium umbellatum in bone marrow gran-
ulocyte/macrophages progenitor cells are presented in Fig. 9. As
we can see in Fig. 9A, Synadenium umbellatum exposure did not
signiﬁcantly change the number of bone marrow CFU-GM at con-
centrations 0.007, 0.015, and 0.031 mg/mL  compared to the control.
Moreover, the size of the colonies, after Synadenium umbellatum
exposure, was  similar to the control (Fig. 9B). On the other hand,
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oncentrations higher than 0.062 mg/mL  produced a reduction in
he number and size of the colonies when compared to the controls.
he myelotoxicity observed was concentration-dependent, and the
C50 value of CFU-GM was 0.200 mg/mL  (Fig. 9A). It is interesting
o mention that Synadenium umbellatum IC50 value of the tumor
ells was more than 8-fold lower than of the normal bone marrow
rogenitor cells.
. Discussion and conclusion
Historically, natural products have played an important role
n antitumor drug discovery (Balunas and Kinghorn, 2005; Li and
ederas, 2009; El-Menshawi et al., 2010). In this context, plant fam-
lies presenting bioactive compounds, in particular terpenes have
hown antitumoral properties. Several studies revealed the cyto-
oxic activity of Euphorbiaceae species against different tumor cell
ines, including carcinoma cells (Itokawa et al., 1989; Kupchan et al.,
976; Fatope et al., 1996; Kielland et al., 1996; Grymberg et al.,
999; Maciel et al., 2000; Uthaisang et al., 2004; Block et al., 2005;
orales et al., 2005; Abreu et al., 2006; Amirghofran et al., 2006;
uarte et al., 2009; Ngamkitidechakul et al., 2010).
Apoptosis is considered an important mechanism of action of
everal antitumor drugs (Boleti et al., 2008). Given that Euphor-
iaceaes are known to induce apoptosis in tumor cell lines, we
nvestigated EAT cell death mechanisms following Synadenium
mbellatum treatment. In the present study, we demonstrated
hat this plant induced EAT cell death by apoptotic mechanisms.
orphological analysis of EAT cells before and after Synadenium
mbellatum treatment revealed apoptotic characteristics, corrob-
rating Euphorbia cheiradenia Boiss. & Hohen. cytotoxic activity,
hich was associated with DNA fragmentation and apoptosis in
-562 cells (Amirghofran et al., 2006).
The NCCD has encouraged researchers to quantify cell death
sing more than one assay, evaluating not only cell morphology
hanges, but biochemical/functional aspects as well, in order to
lassify cell death modalities and reduce the probability of artifacts.
o classify apoptotic cell death, NCCD suggested assays to evalu-
te activation of caspases and proapoptotic Bcl-2 family proteins,
 m dissipation, oligonucleossomal DNA fragmentation, plasma
embrane rupture, PS exposure, and ROS overgeneration (Kroemer
t al., 2009).
ROS intracellular accumulation perturbs the natural antioxidant
efense system of the cell, resulting in damage to all the major
lasses of biological macromolecules. Several groups of researchers
ave suggested that intracellular ROS overgeneration is a sign at the
nset of apoptotic processes, and cited ROS production as a critical
eterminant of toxicity associated with exposure to chemothera-
eutic drugs (Chandra et al., 2000). In this work, we demonstrated
hat Synadenium umbellatum treatment induced a time-dependent
ncrease in ROS generation in EAT cells. Current chemotherapeu-
ic agents, such as adriamycin and bleomycin, induce apoptosis in
umor cells by increasing ROS generation in parallel with  m
lteration (Kannan and Jain, 2000). Ricinus communis L. (Euphor-
iaceae) induced apoptosis in P2X7 cells by increasing in ROS
roduction (Said et al., 2007).
Mitochondria are sensitive to changes in the redox state of the
ell. Several studies have shown that under conditions of oxida-
ive stress the global shutdown of mitochondrial function could
ontribute to apoptosis through the opening of mitochondrial
ermeability transition pore (PTP), which results in mitochondrial
a2+ release (Kannan and Jain, 2000) with a consequent increase
n the cytoplasmic concentration of Ca2+. On the other hand,
arge amounts of Ca2+ present in the cytosol induce a progressive
ncrease in mitochondrial Ca2+ uptake, increasing Ca2+ in the
itochondrial matrix and inducing PTP opening (Hajnóczky et al.,
006). It has been shown that, in response to a wide variety ofarmacology 139 (2012) 319– 329 327
agents and conditions, Ca2+ signaling could lead to apoptosis
(Smaili et al., 2009). Our data showed that an increase in intracel-
lular concentration of Ca2+, in parallel with ROS overgeneration,
was an early event in Synadenium umbellatum-induced apoptosis.
Apoptosis induction also depends on a balance between
proapoptotic (e.g. Bax) and antiapoptotic (e.g. Bcl-2) agents (Danial
and Korsmeyer, 2004; Huang et al., 2006). Overexpression of Bax
can promote its translocation to mitochondrial membrane causing
release of cytochrome c and Ca2+ and loss of  m (Smaili et al.,
2009). Our preliminary results indicated modulation in Bax/Bcl-2
protein expression after Synadenium umbellatum treatment (data
not shown). Phyllantus amarus (Euphorbiaceae) induced apopto-
sis in Dalton’s lymphoma ascitic cells by Bcl-2 downregulation
and activation of caspase 3 (Harikumar et al., 2009). Furthermore,
Phyllanthus urinaria L. induced apoptosis by Bcl-2 suppression and
activation of caspases (Giridharan et al., 2002).
Loss of mitochondrial membrane potential can occur in
response to ROS overgeneration, increasing Ca2+ concentration and
Bax translocation, which results in release of cytochrome c and acti-
vation of caspases with cell death. However, some authors have
mentioned hyperpolarization, following depolarization as an early
event in the process of  m loss (Poot et al., 2002; Liu et al., 2005).
In the present study, we  observed hyperpolarization of  m in EAT
cells 24 h after exposure to Synadenium umbellatum.
Under oxidative stress conditions, cell cycle-related genes are
repressed to increase the lengthening of G1 phase. A cell cycle arrest
is required in order to assess the amount of macromolecule alter-
ations and, if necessary, to enter the apoptotic pathway (Kannan
and Jain, 2000). Our results indicated that Synadenium umbellatum
induced an arrest of cells in G0/G1 cell cycle phase associated with
reduction of Ki67 expression. In agreement with these ﬁndings, it
was documented that the anti-proliferative effect of Euphorbia ﬁs-
cheriana Stend. in K-562 cells was  achieved by arresting the cell
cycle in the G0/G1 phase and subsequently inducing apoptosis (Luo
and Wang, 2006).
A universal and early event in the effector phase of apopto-
sis is loss of plasma membrane asymmetry and PS exposure (Van
Engeland et al., 1998). In non-apoptotic cells, the plasma mem-
brane phospholipids are asymmetrically distributed between inner
and outer leaﬂets of the plasma membrane and phosphatidylser-
ine is located in the inner surface. Early in apoptosis, PS undergoes
translocation to the external leaﬂet of the plasma membrane
(Bedner et al., 1999). In the present study, we demonstrated a
marked increase in PS exposure in Synadenium umbellatum treated
cells through annexin V-FITC binding, in agreement with VR-3848
peptide, isolated from a Euphorbiaceae species, which induced
apoptosis in leukemic cells through negative modulation of anti-
apoptotic protein Bcl-2, nuclear condensation, DNA fragmentation,
caspase activation, and PS externalization (Uthaisang et al., 2004).
Caspase activation presents a late and common stage to all cells
undergoing apoptosis. Intrinsic and extrinsic apoptotic pathways
can be activated separately or co-related by the activation of
caspases (Hu and Kavanagh, 2003). Caspase 8 is the initiator
caspase for apoptosis in the extrinsic pathway, while in the mito-
chondrial pathway; this role is played by caspase 9. Both caspases
activate caspase 3, which subsequently cleaves and activates
several caspases, resulting in apoptosis (Zhang et al., 2009). In the
present study, we demonstrated that Synadenium umbellatum was
able to activate caspases 3, 8, and 9. Thus, the antiproliferative
effects observed in Synadenium umbellatum-treated EAT cells were
due to intrinsic and extrinsic apoptotic pathways. Corroborating
our ﬁndings, Croton zambesicus Müll. Arg. (Euphorbiaceae) also
induced apoptosis in human leukemic cells by caspase-3 activation
(Block et al., 2005).
Through the discovery of new cytotoxic and apoptosis-inducing
anticancer drugs, chemotherapy has achieved major progress,
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llowing tumor regression followed by an extended lifespan. Nev-
rtheless, problems such as the toxic effects in bone marrow cells
aused by the majority of antitumoral compounds still need to be
vercome. The bone marrow is more sensitive than other organs
ecause of its high metabolic and mitotic activity rate. As a result,
eucopenia develops as a complication and predisposes patients to
nfectious diseases. Major efforts have currently been placed on
he development of antitumor curative drugs that destroy can-
er cells without producing irreversible damage to the patients’
emopoietic system (Valadares and Queiroz, 2002). After revealing
he mechanism of cell death, we investigated Synadenium umbel-
atum myelotoxic potential through clonal culture of normal bone
arrow hemopoietic progenitors. We  observed that Synadenium
mbellatum produced myelotoxicity on bone marrow cells in a
oncentration-dependent fashion. However, Synadenium umbella-
um IC50 value of the tumor cells was more than 8-fold higher than
he normal bone marrow progenitor cells.
Taken together, our results showed that Synadenium umbella-
um triggered apoptosis in EAT cells at several levels involving ROS
vergeneration, increase in Ca2+, alterations in mitochondrial func-
ions, PS externalization resulting in cleavage of caspases, and cell
eath. Based on our data we can assume that Synadenium umbel-
atum induced apoptosis probably by activation of both intrinsic
nd extrinsic pathways. Furthermore, this plant presented more
oxicity to tumor cells than to bone marrow cells. These results
orroborate the ethnopharmacological use of Synadenium umbella-
um as an anticancer agent and open new perspectives to use it as a
otential herbal adjuvant treatment during cancer chemotherapy.
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Glossary
CFU-GM: colony forming unit-granulocyte macrophage
DAB: diaminobenzidine tetra-hydrochloride
DCFH-DA: 2′ ,7′-dichloroﬂuorescein diacetate
DEVD: caspase-3 substrate
DMEM: Dulbecco’s modiﬁed Eagle’s medium
DMSO: dimethyl sulphoxide
DTT: dithiothreitol
EAT: Ehrlich ascites tumor
EDTA: ethylenediamine tetraacetic acid
FBS: fetal bovine serum
FITC: ﬂuorescein isothiocyanate
Fluo-3: 1-[2-amino-5-(2,7-dichloro-6-hydroxy-3-oxo-3H-xanthen-9-yl)phenoxy]-
2-(2′-amino-5′ methylphenoxy)ethane-N,N,N′ ,N′-tetraacetic acid
HPLC: high performance liquid chromatography
IETD: Caspase-8 substrate
LEHD: Caspase-9 substrate
MTT: 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide
NCCD: Nomenclature Committee on Cell Death
PBS: phosphate buffer saline
PI:  propidium iodide
PS: phosphatidylserine
ROS: reactive oxygen species
RPMI: Rosewell Park Memorial Institute
TBS: tris-buffered saline
 m: mitochondrial membrane potential
